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RELATION BETWEEN THE WIND AND PRESSURE FIELDS IN THE STRATOSPHERE
AND LOWER MESOSPHERE OF THE TROFPICAL REGION
OF THE NORTHERN HEMISPHERE

L. 8., Minyushina

Tsentral’na&a Aerologicheskaya Qbservatoriya
' Leningrad, USSR

Great importance has been given in recent years@*to studies /37*
of the synoptic, large-scale processges in the stratosphere and low-
er mesosphere. This is due primarily to the requirements for im-
provement .of<weather forecasts [1, 5].

At the present time, absolute contour charts are regularly con-
structed and published  for the middle stratosphere of the northern
hemisphere, up to the iO mb surface {(30-32 km), inclusive. 2, 0.4
and 0.1 mb isobar charts for the northern hemisphere also are con-
structed and analyzed in the Central Aerologlcal Observatory [3, 4],
from Soviet and foreign rocket measurement data of the temperature,
pressure and wind in the upper stratosphere and lower mesosphere.
These charts basically show good agreement with the synoptic pro-
cesses in the middle and upper stratosphere, as well as specific
differences 1n them.

However, the upper stratosphere charts are constructed, either
from averaged data or for lndividual synoptic situations, and they
are primarily related to the high and middle latitudes. Their use
for analysis of the tropical zcne is difficult at present. Concern-
ing the equatorial region, the earlier concluslon from everyday
experience of weather forecasters [12], that wind data there are
more representative of description of atmospheric processes than
the pressure field, obviously should be kept in mind. Since the

# Numbers in the margin indicate pagination in the foreign text.



expression for the geostrophic wind loses meaning in the equatorial
zone, the air flow field in the free atmosphere should also provide
more detailed and interesting information on large-scale processes
there than the contour charts.

To examine the problem of the connectlion of the wind and press-
ure Tlelds in the tropical zone of the northern hemisphere, we an-
alyzed the 30 and 10 mb isobar charts (daily and average monthly)
for 1965-1969 [10]. Comparison of the average monthly values of
the zonal wind speeds and directions in the 24-32 km altitude re-
gion in spatial profiles of the wind field (Fig. 1), constructed
from the data of 5 atmospheric rocket sounding stations [8] in the
tropical zone of the Atlantic Ocean {(Wallops, 37.8°N latitude, /38
75.5°W longitude; Cape Kennedy, 28.5°N.latitude, 80.5°W longltude;
Grand Turk Island, 21.5°N latitude, 71.2°W longitude; Antigua Is-
land, 17.1°N latitude, 61.8°W longitude; Fort Sherman, 09.3°Nilati-
tude, 80.0°W longitude; Ascension Island, 08.0°S latitude, 14.5°W
longitude), with the contour charts disclosed a close connection of
the wind fleld structure in the tropical zone with the position of

the subtropical high pressure regions.

The charts show that the subtropical high pressure regions are
observed as Independent pressure formations in the upper-zir 10 and
30 mb isobar surfaces from September to April.

Since the spatial profiles of the wind fleld in the northern
hemisphere, which we constructed refer to the Caribbean Sea area,
the boundary between the westerly and easterly winds (0 1sotach)
at altitudes of 24-32 kxm (Fig. 1) apparently coincideswith the po- /39
gitlon of the axis of the subftropical high pressure zcne on the
10 and 30 mb charts, above the area of the Atlantic being studied.
West winds are obgerved in that part of the subtropical high press-
ure zone, which is located to the north of this axis. East winds

predominate in the southern part of the subtropical high pressure



zone. Here, the pressure decreases somewhat towards the equator,
which determines easterly transport of the alr in the equatcrial’
stratosphere.
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Fig. 1. Spatial proflles of zonal components of wind from 38°N
latitude to 8°S latitude, between 75.5° and 14.5°W longitude; Sep-
temper 1967-August 1968.



Fig. 2. Absolute contour charts of 10 mb isobar surface for Sep-
tember-December 1967.

Let us examine the location of the subtropical hipgh pressure
ageag,oq‘phg‘aygpaggﬁmonthly charts of the 10 mb surface above the
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northern hemisphere, 1n the period from September 1967 toc April

1968 (Figs. 2, 3). 1In September‘l967 (Fig. 2), in a period when
formation of a polar low pressure area %00k place, the axis cf the
subtropical high pressure zone in the Pacific Ocean area passed /40
along 40-45 N latitude. It was somewhat to the south above the
Atlantic Ocean (at approximately 40°N latitude). In September 1967,
the east winds at this level enveloped an extensive region between
8°3 latitude and 38°N latitude. in the spatial profile (Fig. 1).

In the succeeding months, as the polar low pressure area deep-
ened and extended over a large area of the high latitudes of the
northern hemisphere, the subtropical high pressure zone was dis-
placed to lower latitudes. Thus, in November 1967 (Fig. 2), when
it still encompassed the subtropical latitudes over almost the en-
tire northern hemisphere, being broken only above the west coast of
Africa, the axis of this zone above the Pacific Ocean was at approx-
imately 25-27°N latitude, and, in the Atlantic Qcean area, it passed
still further south, approximately alcong 20-22°N latitude. This
location of it is confirmed by the location of the boundaries of /41
the equatorial east winds in Fig. 1, which we found and analyzed
in detail in work [6].

The southernmost locaticn of the axis of the subtropical high
pressure belt should have been occupied in December-February, in
the period of greatest develcpment of the polar stratospherie low
pressure area. However, the high pressure belt is not uniform in
the wintertime. Maximum pressure focl are distingulshed in it,
from which stable pressure formations, the Aleutian and Atlantic
high pressure areas, then develop. During the winter months, these
high pressure areas are activated, ard they cause disturbances in
the polar low pressure area conditions. Thelr development 1s easily
followed on the 10 mb surface charts for December 1967 (Fig. 2) and
January 1968 (Fig. 3). 1In this case, the following circlimstances
attract attention: the strengthening of the Aleutian and Atlantic



high pressure areas ncted on these charts takes place 1in a period
of maximum development of the summer stratospheric cidrculation in
the southern hemisphere, i.e., when spreading of the east winds of
the semiannual eycle in the stratosphere of the northern hemisphere
takes place. Thus, for example, it follows from an analysis of
Fig. 1 that, in December 1967 and January 1968, the speeds of the
east winds of the semiannual cycle in the upper stratosphere and

of the equatoerial east winds in the middle stratosphere were on the
order of 30-50 m/sec.

In February 1968 (Fig. 1), replacement of the easterly compo-
nent of the semiannual cycle by the westerly took place in the
equatorial atmosphere, above 46-48 km. At this time, the east winds
of the semiannual cycle turned out to be forced downward, into the
middle layer of the stratosphere, whehentheybéombined with the east-
ern equatorial winds, into a single circulatlion system. On the 10
mb surface chart (Fig. 3}, the polar low pressure area recovered
its normal shape in February. The pressure in the center of it de-
creased from that in January, and the Aleutian and Atlantic highs
were displaced to subtropical Zatitudes.

In March-April 1668, a gradual reduction in size and destruc--
tion of the polar low toock place and, correspondingly, expansicn of
the subtropical high pressure belt at the altitude of the 10 mb sur-
face (Fig. 3). This process was manifested by a change in locatiocon
of the 0 isotach, separating the west winds from the equatorial east
winds in Fig. 1. In May 1968, the low pressure vortex above the
polar region was replaced by high pressure and the subtropical high
pressure region went into the stratospheric high pressure system.
From May to August, the latter was a very stable pressure formaticn,
in which eastward transport of the alr over the entire northern
hemisphere prevailed.



Fig. 3. Absolute contour charts of 10 mb 1sobar surface for Janu-
ary~April 1968.

An analysis of the wind field in the equatorial stratosphere,
carried out on the basis of spatial profiles of the wind field,
showed that the equatorial east wind system, initially forming from
the east winds of the semiannual cycle, gradually spread to the
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lower layers of the stratosphere. This phenomenon apparently was
caused by a similar shift of the subtropical-high pressure zone.
The presence of this phenomenon is generally confirmed by analysls
of the 50, 30 and 10 mb surface contour charts. Like the equator-
ial east wind system, defining the easterly phase (component) of
the quasi-biennial circulation cycle, the subtropical high pressure
belt apparently exists in the middle stratosphere for quite long
periods of time (on the order of a year) and 1s a giobal pressure

formation.

The question arises: Are the subtroplcal low pressure regilons
on the 10 mb surface charts and those of still higher altitudes, /42
for example, on the 2 and 0.1 mb surface charts, single pressure
formations over the entire stratosphere and lower mesosphere?

By analogy with the 10 mb surface charts, it can be considered
that the location of the 0 lsotach in the upper stratosphere and
lower mesosphere coincides on the spatial profides (Fig. 1) with
the position of the maximum surface pressure in the subtropical
high pressure belt of the northern hemisphere. Then, for example,
during the period of greatest development of the easterly transport
in the stratosphere of the southern hemisphere, the presence of two
east wind maxima in the tropical latitudes of the northern hemi-
sphere in the spatial profiles mentioned above leads to the thought
that there are two independent high pressure regions, one of which
. defines the easterly phase of the quasi-biennial circulation cycle
and the other, the easterly phase of the semiannual circulation

cycle.

In periods of equivalent force, the high pressure regions ap-
parently are forced from the upper stratosphere to the middle lay-
ers of the stratosphere. There, they comblne into one high pressure
system. Therefore, it might be said that the nature of the change
in the pressure field in the upper stratosphere is different than
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that in the middle stratosphere. Thus, for example, the period of
existence of the subtropical high pressure belt and of the high
pressure areas above the océans included in i% in the winter months
in the upper stratosphere must be shorter than in the middle strat-
osphere. This is in accordance with the devélopment of the easter-
1y phase of the semiannuzl circulation cyecle. In periods of close
to equal force, the development of the west winds of the semiannual
circulation cycle, the polar low pressure area probably spreads over
the entire hemisphere.

Consequently, the pressure field 1n the upper stratosphere and
lower mescsphere of the tropical zone must be more changeable than
that in the middle stratosphere over a period of a year, and the
latitude shifts of the high pressure centers in the winter months,
especlally in the stratopause region, must be more rapid than in
the middle stratosphere.

The hypothesis expressed above, as to the nature of the change
in the pressure field in the stratosphere and lower mesosphere of
the tropical zone 1s confirmed by the results of rocket and radio-
sonde measurements, obtained, not only over the Atlantic ocean, but
in other low latitude areas of the earth. In the work of 3. S. Gay-
gerov [4], by means of analysis of the 2 mb surface contour chart,
it was demonstrated that independent higher pressure centers are
distinguished in the tropical latitudes of the Pacific, Atlantic
and Indian Oceans, 1in the high pressure region framing the winter
pelar low in the upper stratosphere and lower mesosphere. We note
that a high pressure area above the Indian Ocean is not found, as
a rule, on the 10 mb surface charts, but that it 1s seen distinetly
in the upper stratosphere.

It should be noted that, until recently, atmospheric processes
above this region have been studled little. In the Soviet Union,
much attention has been given in recent years, to study of the



circulation processes in the stratosphere and lower mesospherq@;in
the Iridian Ocean area. Specialists of the Central Aerological Ob-
servatory organized regular sounding of the atmosphere with meteor-
oclogical rockets, at the Tumba firing range (8.5°N latitude, 76.9°E
longitude), beginning in December 1970.

Time profiles of the zonal wind field for December 1970 are
represented in Filg. 4. They were constructed from the data of four
equatorial stations, two of which are in the Atlantic Ocean area
(Ascension Island and Fobt Sherman), onelin the Pacific Ocean (Kwa-
Jalein Island, 8.7°N latitude, 167.7°E longitude) and one in the /43
Indian Ocean region, Tumba.

Fig. 4. Time profiles of zonal wind components for December 1970,
above stations: a) Kwajalein Island; b} Tumba; ¢) Fort Sherman;
d) Ascension Island.

It follows from Fig. 4 that, in December 1970, the easterly
phase of the quasi-biennial cycle was replaced by the westerly,
above the stations mentioned. The equatorial east winds of the
guasi~biennlial cycle were observed in thewnstratosphere below 25 km.
The approximately identical altitude of their upper boundaries above
all the stations discussed attracts attention. Replacement of the
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easterly phase by the westerly also was noted, from the data of the
sclentific research ships, Akademik Korolev, Akademik Shirshov and
A. I. Voyeykov, which crossed the equator 1n the Pacific Ocean in
December 1970 and January 1971 [2].

Above Ascension Islan@_(Fig. By, an eastern circulation char~
acteristic of the summer (southern) hemisphere, was observed in the
upper stratosphere and lower mesosphere, in December 1970. Accord-
ing to the data of the remalning threesnstations, located in the
winter (northern) hemisphere, the east winds were found only in the
upper stratosphere, but west winds were predominant in the lower
mescsphere. The east winds in the upper stratosphere above Fort
Sherman appeared at the end of November. The primary maximum of
their speeds, as above Ascension Island, occurred in the middle of
December.

Above Kwajalein Island, the east winds of the semlannual cycle
appeared in the last 10 days of December, i.e., the eastern phase
of the cyecle in the Pacific Ocean area began scmewhat later than in
the Atlantlc area. Above the Indian Ocean, the. replacement of the
westerly phase of the semiannual cycle by the easterly probably took
place at the same time as above Fort Sherman, but east winds were
observed in a thinner layer of the atmosphere, than above the At-
lantic Ccean (Fig. 4).

Thus, the atmospheric rocket sounding data in the equatcerilaii
latitudes of the Atlantic, Indian and Pacific Oceans show that no
longitudinal differences in appearance of the quasi-biennial circu-
lation cycle in December 1970 were found. At the same time, analy-
sis of the semiannual circulation cycle in the upper stratosphere
and lower mesosphere of the northern hemisphere indicates an irreg-
ular cnset of the easteﬁ%;phase of this circulaticn cycle.
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A similar phenomenon apparently ccecurred in 1966, in the equa-
torial stratosphere of the southern hemisphere. In the work of
Quaroz and Miller [11], wind measurements in 1966, above rocket /44
sounding points (Ascension Island and the station in Natal, Brazil,
6°3 latitude), are presented. It follows from them that the east-~
erly phase of the semiannual circulation cycle above Ascension Is-
land began in June, and that the east winds above the Natal station
appeared a month later, in July. Consequently, appearance of the
semiannual cycle may be somewhat different in different longitude
zones.

Analysis of the 10 mb surface charts and the vertical zgonal
wind component profiles above the Atlantlic area showed that the sub-
tropical high pressure belt in the middle and lower stratosphere
was very stable. This apparently determines the great uniformity
of the quasi-biennial cycle above various low latitude areas of the
earth. Nevertheless, small longitude differences should be observed
in the quasi-biennial circulation cyecle regioh. We have noted, in
the 10 mb surface isobar charts (Figs. 2, 3), that the latitude of
the subtropical high pressure reglons above the Atlantic and Paci-
fiec QOceans are not the same. The axis of the subtropical high pres-
sure belt in the Atlantic Ocean istlocated at lower latitudes than
in the Pacific Ocean, as a rule. Thils means that the equatorial
east winds above fthe Pacific QOcean extend to higher latitudes gen-
erallys than in the Atlantic CGcean.

The latitude region, in which the guasi-biennial circulatiocon
gycle is observed, probably is somewhat wider above the Pacific
Ocean than above the Atlantic. It possibly is somewhat narrower
above the continenté&iithan above the oceans. This hypothesis 1s
confirmed by the work of Ebdon [9] and Belmont and Dartt (7], in
which global charts of the zonal wind field are presented.

We showed 1n [6] that the intensity of the eastern circulation
in the stratopause region (close to 50 km) turned out to be less
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above Fort Sherman than above Ascension Island. This difference
probably is connected with the fact that Fort Sherman is a coastal
station, and the western periphery of the Atlantic high is located
above 1t more often. This should be expressed in the wind field,
by an increase in the meridional and a weakening of the zonal com-
ponents of the wind.

If we had data from systématic measurements of the wind above
the central areas of northern Africa or America, we would probably
see that the speed of the east winds of the semiannual cycle there
are still less, than above the coastal stations mentioned.

A1l this probably has to be taken into account in analysis of
such problems of modern meteorology as comparison of intensity of
the stratospheric circulation of the northern and southern hemi-
spheres, as well as in using atmospheric rocket sounding data for

weather forecasting.
In closing, the following can be concluded:

1. The equatorial east wind circulation system is determined
by the exlstence of subtropical high pressure zones (in the north-
ern and southern hemispheres), which are very stable gdobal pres-
sure formatlons in the middle and lower stratosphere. The changes
in positions of these zones over time and their vertical distribu-

tion determines the gquasi-biennial variatlions in circulation.

2. Changes in structure of the pressure field in the upper
stratosphere and lower mesosphere should be greater than in the
middle stratosphere, over a period of a year. This can be expressed
by a more significant shift of the high pressure centers, both in
the latitudinal and in the meridiconal directions, as well as by ﬁﬂ_
changes in dimensions of the high pressure areas, which should
lead to appearance of phase differences in appearance of the semi-

annual circulation cycle in different longitude zones.
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